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Experimental 

Crystal data 

[Nb 2 (C 4 4H 28 N 4 ) 2 03] 
M, = 1459.28 
Monoclinic, Pn 
a = 14.4823 (9) A 
b = 18.4007 (8) A 
c = 14.6257 (10) A 
/3 = 117.823 (7)° 

Data collection 

Bruker APEXII CCD area-detector 

diffractometer 
Absorption correction: multi-scan 

(SADABS; Bruker, 2007) 

T min = 0.72, r m „ = 1.00 



Refinement 

R[F 2 > 2a(F 2 )] -- 
wR(F 2 ) = 0.166 
S = 1.06 
9945 reflections 
910 parameters 
32 restraints 



0.062 



V = 3446.9 (4) A 3 
Z = 2 

Mo Ka radiation 
/x = 0.39 mm~' 
T = 180 K 
0.5 x 0.3 x 0.1 mm 



25553 measured reflections 
9945 independent reflections 
8244 reflections with / > 2a(I) 
R iM = 0.055 



H-atom parameters constrained 
A/w = 1.20 e A~ 3 
Ap mill = -0.91 e A~ 3 
Absolute structure: Flack (1983), 

2439 Friedel pairs 
Flack parameter: —0.01 (6) 



In the title dinuclear Nb v compound, [Nb 2 (C44H28N 4 )203], 
each Nb atom is seven-coordinated with three bridging O 
atoms and four N atoms from a chelating tetraphenyl- 
porphyrinate anion. The Nb— O bond lengths range from 
1.757 (6) to 2.331 (6) A, and the average (niobium-pyrrole N 
atom) distance is 2.239 A. In the dinuclear molecule, the 
Nb- • -Nb separation is 2.8200 (8) A, and the dihedral angle 
between the two porphyrinate mean planes is 5.4 (1)°. Weak 
intermolecular C— H- ■ -jt interactions are present in the 
crystal structure. 

Related literature 

For a review of porphyrin complexes, see: Scheidt (2000). For 
the synthesis of niobium(V) porphyrin derivatives, see: Johson 
& Scheidt (1978); Lecomte etal. (1979). For comparative bond 
lengths, see: Allen et al. (1987). For a description of the 
Cambridge Structural Database, see: Allen (2002). 



Table 1 

Selected bond lengths (A). 




Nbl-Ol 


1.876 (6) 


Nb2-01 


2.019 (6) 


Nbl-02 


1.815 (6) 


Nb2-02 


2.182 (6) 


Nbl-03 


2.331 (6) 


Nb2-03 


1.757 (6) 


Nbl-Nl 


2.240 (7) 


Nb2-N5 


2.260 (7) 


Nbl-N2 


2.228 (7) 


Nb2-N6 


2.226 (7) 


Nbl-N3 


2.261 (7) 


Nb2-N7 


2.227 (7) 


Nbl-N4 


2.224 (7) 


Nb2-N8 


2.246 (7) 


Table 2 


geometry (A, °). 






Hydrogen-bond 






Cgl and Cg2 are 


the centroids of the C27-benzene ring 


and Nl-pyrrole ring, 


respectively. 








D-H-A 


D—H H- 


■ A D- A 


D-H-A 



C22-H22- -Cgl' 0.93 2.85 

C40-H40- ■ Cg2' 0.93 2.87 

Symmetry code: (i) x — ^. —y, z — \- 



3.752 (14) 164 
3.681 (14) 147 



Data collection: APEX2 (Bruker, 2007); cell refinement: SAINT 
(Bruker, 2007); data reduction: SAINT; program(s) used to solve 
structure: SIR2004 (Burla et al., 2005); program(s) used to refine 
structure: SHELXL97 (Sheldrick, 2008); molecular graphics: 
ORTEPIII (Burnett & Johnson, 1996); software used to prepare 
material for publication: publCIF (Westrip, 2010).. 

The authors gratefully acknowledge financial support from 
the Ministry of Higher Education and Scientific Research of 
Tunisia. 



Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: XU5216). 
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Tri-Z'-oxido-bislCSjlOjlS^O-tetraphenylporphyrinato-^AOniobium^)] 
R. Soury, M. S. Belkhiria, J.-C. Daran and H. Nasri 

Comment 

The search of the November 2010 release of the Cambridge Structural Database (Allen, 2002) reveals the presence of only 
one room temperature crystal structure of the [Nb203(C44H28N4)2] complex with four 1,2-dichloroethane solvate molecules 
(Lecomte et al, 1979) with R = 0.076 (space group Pccri). One year earlier, the room temperature crystal structure of this 
species was published (Johson & Scheidt, 1978) with R = 0.063 (space group Cc). 

The current redetermination of this Nb(V) porphyrin species at 1 80 K provides a slightly lower R value (R = 0.062 based 
on 8239 independent observed reflections) than the two reported structures. 

The asymmetric unit of the structure of (I) contains one complex [Nb203(C44H2sN4)2]. The average equatorial 
niobium-pyrrole N atom (Nb — N p ) distance in (I) is 2.239 (7) A and each niobium is displaced by 1.01 A from the 24 
atome of the porphyrinato core. 

As is clearly seen in Fig. 1 and Fig. 2, the two niobium(V) porphyrin moieties are joined together by three bridging oxo 

ligand. Thus, each Nb V ion is seven-coordinated. Only one of the bridging oxo ligands forms a nearly symmetric bridge; 
the other two bridges are quite asymmetric. Unique Nb — O bond lenghts are listed in Table 1. The distance between the 
two niobium(V) atoms is 2.8200 (8) A. The two porphyrinato planes are not quite parallel; the dihedral angle between them 
is 5.4 (1)°. The two porphyrinato rings have a "slipped" configuration with respect to each other; the angles between the 
normals to the ring passing through the closest niobium atom and the Nb — Nb vector are 16° and 20°. 

Experimental 

A solution of NbChj (1.50 g, 5.55 mmol) in benzonitrile (21 ml) was introduced under argon in a reactor. A solution of the 
tetraphenylporphyrin (TPP) (1 .00 g, 1 .62 mmol) in the same solvent (30 ml) was then added. The mixture was heated under 
reflux for four hours and then hydrolysed (2 ml of water). The resulting solid was chromatographed and recrystallized. 

Refinement 

H atoms were placed using assumed geometry with C — H = 0.93 A. Displacement parameters of the H atoms were set to 
1.2 times the isotropic equivalent for the bonded carbon atoms. 
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Figures 




Fig. 1. A view of the structure of complex [Nb203(C44H2sN4)2] showing the atom numbering 
scheme. Displacement ellipsoids are drawn at 30%. The H atoms have been omitted for clar- 
ity. 



Fig. 2. A drawing showing the coordination polyhedrons of the the two niobium atoms Nbl 
and Nb2. Displacement ellipsoids are drawn at 50%. 



Tri-u-oxido-bis[(5,1 0,1 5,20-tetraphen 

Crystal data 

[Nb 2 (C44H 28 N 4 )203] 

M r = 1459.28 
Monoclinic, Pn 
Hall symbol: P -2yac 
a = 14.4823 (9) A 
b= 18.4007 (8) A 
c= 14.6257 (10) A 
(3= 117.823 (7)° 

V= 3446.9 (4) A 3 

Z = 2 



rphyrinato-K iV)niobium(V)] 



F{0Q0) = 1492 

D x = 1.406 MgnT 3 

Mo Ka radiation, X = 0.71073 A 

Cell parameters from 12579 reflections 

6 = 3.0-32.1° 

H = 0.39 mm -1 
T= 180 K 
Plate, dark purple 
0.5 x 0.3 x 0.1 mm 



Data collection 



Bruker APEXII CCD area-detector 
diffractometer 

Radiation source: fine- focus sealed tube 
graphite 

Detector resolution: 8.2632 pixels mm" 1 
co scans 

Absorption correction: multi-scan 
(SADABS; Bruker, 2007) 



= 0 72 T 



1.00 



9945 independent reflections 

8244 reflections with / > 2a(7) 
R int = 0.055 

Qmax = 26.0° 

/f = -16->17 
k = -22->22 
/=-18-»15 



25553 measured reflections 
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Refinement 
Refinement on F 2 
Least-squares matrix: full 
R[F 2 > 20CF 2 )] = 0.062 

wR(F 2 ) = 0.166 

S= 1.06 
9945 reflections 
910 parameters 
32 restraints 

Primary atom site location: structure-invariant direct 
methods 



Secondary atom site location: difference Fourier map 

Hydrogen site location: inferred from neighbouring 
sites 

H-atom parameters constrained 

w = l/[o 2 (F D 2 ) + (0.0709P) 2 + 14.5546P] 
where/ 5 = {F 2 + 2F 2 )/3 
(A/o) max < 0.001 
Ap max = 1.20 e A" 3 
Ap mi „ = -0.91eA" 3 

Absolute structure: Flack (1983), 2439 Friedel pairs 
Flack parameter: -0.01 (6) 



Special details 

Geometry. All s.u.'s (except the s.u. in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The 
cell s.u.'s are taken into account individually in the estimation of s.u.'s in distances, angles and torsion angles; correlations between 
s.u.'s in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell s.u.'s is 
used for estimating s.u.'s involving l.s. planes. 

Refinement. Refinement of F 2 against ALL reflections. The weighted i?-factor wR and goodness of fit S are based on F 1 , conventional 

R- factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > 2o(F 2 ) is used only for calculating R- 

factors(gt) etc. and is not relevant to the choice of reflections for refinement. R- factors based on F are statistically about twice as large 
as those based on F, and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters 





X 


y 


z 


J I- *IJI 
u iso ' u eq 


Nbl 


0.30292 (4) 


0.17400 (4) 


0.75581 (4) 


0.0230 (2) 


Nb2 


0.25738 (4) 


0.32308 (4) 


0.71453 (4) 


0.02206 (19) 


Ol 


0.3090 (5) 


0.2549 (3) 


0.8366 (5) 


0.0382 (16) 


02 


0.3490 (4) 


0.2377 (3) 


0.6913 (5) 


0.0333 (14) 


03 


0.1663 (5) 


0.2527 (3) 


0.6570 (5) 


0.0438(17) 


Nl 


0.4324 (5) 


0.1081 (4) 


0.7547 (6) 


0.0287 (16) 


N2 


0.3852 (6) 


0.1297 (4) 


0.9160 (6) 


0.0338 (18) 


N3 


0.1636 (6) 


0.1342 (3) 


0.7721 (6) 


0.0288 (16) 


N4 


0.2133 (5) 


0.1139(4) 


0.6083 (6) 


0.0284(16) 


N5 


0.4245 (6) 


0.3621 (4) 


0.7989 (6) 


0.0318 (17) 


N6 


0.2825 (5) 


0.3623 (3) 


0.5839 (5) 


0.0268 (15) 


N7 


0.1144 (6) 


0.3904 (4) 


0.6303 (6) 


0.0298 (16) 


N8 


0.2545 (5) 


0.3907 (3) 


0.8410 (5) 


0.0256(15) 


CI 


0.4400 (8) 


0.0919 (5) 


0.6671 (8) 


0.033 (2) 


C2 


0.5435 (8) 


0.0736 (5) 


0.6927 (8) 


0.036 (2) 


H2 


0.5677 


0.0602 


0.6464 


0.043* 


C3 


0.6003 (7) 


0.0789 (5) 


0.7943 (8) 


0.038 (2) 
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Atomic displacement parameters (A 2 ) 

U n u 22 t/ 33 u 12 u li t/ 23 

Nbl 0.0245 (4) 0.0207 (4) 0.0247 (4) 0.0001 (3) 0.0123 (3) 0.0003 (3) 

Nb2 0.0212 (4) 0.0230(4) 0.0270(4) 0.0004(3) 0.0155 (3) 0.0011 (3) 
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119.8(9) 


C4— C5— C32 


118.8(9) 


C5— C6— N2 


126.4(10) 


C5— C6— C7 


124.7 (9) 



P/in p/io mc 
C4y — C4o — JN j 


Izj. / (V) 


p /l -7 P/IO "N.TC 

C4 / — C4o — JN d 


no.2 (y) 


pen p /in p/io 
CjU — C4y — C4o 


125.3 (10) 


p^ c a p /in p-7 1 
CjU — C4y — C / 1 


11 /.4 (10) 


P/io p/in p-7 1 
C4o — C4y — C / 1 


11 /.2 (y) 


p /] n PCA "N.T/i 

C4y — CjU — JN o 


120.5 (10) 


P/in pen pci 
C4y — CjU — C J 1 


i25.y (io) 


m/; pen pci 
JN o — CjU — C j 1 


10/. 5 (5) 


po pci pen 
Cj2 — CjI — CjU 


nn i /i n\ 
110.1 (10) 


pel pci 1 1 c i 

C j2 — C J 1 — rl J 1 


1 "i a n 
124. y 


pCA pci I I C 1 

CjU — C J 1 — hi j 1 


124. y 


pci po PCI 

CjI — Cj2 — Cj3 


100.5 (y) 


pci PCI I I c ~> 

CjI — Cj2 — hlJ2 


120. / 


pci po i i c "> 

Cjj — Cj2 — hlJ2 


1 1/: -7 
120. / 


m/; PCI pc A 

JNo — Cj3 — CM 


i2y.4 (y) 


\[/ PCI pci 

JNo — Cj3 — Cj2 


10/. 4 (y) 


p C /I pci pci 

Cj4 — Cj3 — Cj2 


1 T3 i 

123.1 (y) 


pci PC/1 pec 

Cj3 — Cj4 — Cjj 


122.5 (y) 


r^ci pc/1 pgi 
Cjj — Cj4 — Co2 


120.1 (y) 


pee p c /i poo 
Cjj — Cj4 — Co2 


ii-7/l /n\ 
1 1 / .4 (y) 


An pec p c /i 
JN / — Cjj — CM 


125.3 (y) 


M"7 p c c p c /; 

JN / — Cjj — Cjo 


111 Q 

iii.o (y) 


p c /I PCC ( ' Zf-. 

CM — Cjj — Cjo 


122.5 (y) 


pei /'cp pec 
Cj / — Cjo — Cjj 


1 c\a n 

104. / (y) 


pen /-'CP I I c P 

Cj / — Cjo — hljo 


1 in n 

ill .1 


pee p c p 1 1 cp 
Cjj — Cjo — hi jo 


1 n -7 

ill .1 


/•cp pc*7 peo 
Cjo — Cj / — Cjo 


loy.s (y) 


p- C P PC*7 I I C "7 

Cjo — Cj / — rlj / 


1 ->c 1 

125.1 


pro PC*7 I I C "7 

Cjo — Cj / — hlj / 


1 ->c 1 

125.1 


pen peo m*7 
Cjy — Cjo — JN / 


124.0 (8) 


pen peo r^cn 
Cjy — Cjo — Cj / 


125.5 (y) 


M*7 PeO /" • C "7 

JN / — Cjo — Cj / 


loy.o (y) 


peo pen p^ p n 
Cjo — Cjy — CoU 


124.5 (y) 


peo pen poo 

Cjo — Cjy — Coo 


1 1 Q 1 fQ\ 

ny.3 (5) 


p-< pn pen poo 

cou — cjy — coo 


1 1 r / /OA 

H5.0 (y) 


mo ppn pen 
JN 0 — CoU — cjy 


1 ->/i a /n\ 

124.0 (y) 


MO PPP\ P/T1 

JN o — CoU — Co 1 


1 nn -7 
10y. / (5) 


pen ppn pp 1 

Cjy — cou — Co i 


120.3 (y) 


p^ po /"v, i p/^n 
Co2 — Co 1 — CoU 


1 no -7 

105. / (y) 


p po /"'pi 1 1/ i 
Co2 — Co 1 — hlo 1 


125.0 


ppn pp 1 1 1/ i 
CoU — Co 1 — hlo 1 


125.0 


pp 1 P/CT P' p "1 

Co 1 — Co2 — Co3 


lOo.y (6) 


/• V. 1 p£1 1 1/1 

Co 1 — Co2 — hlo2 


120.5 


PPT P' P ~> TT/-1 

C63 — C62 — H62 


126.5 


C64— C63— N8 


131.1 (9) 


C64— C63— C62 


121.7 (9) 


N8— C63— C62 


107.1 (7) 


C63— C64— C45 


123.2 (9) 


C63— C64— C65 


121.3 (10) 
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Ml P/; pi 

JN2 — Co — C/ 


1 no "7 /n\ 

lUo. / (y) 


p/ic p/;/i p/;c 
C45 — C64 — C65 


1 1 C A ZO\ 

115.4 (0) 


po pi p/: 
Co — C / — CO 


1 n/; c /n\ 
106.5 (y) 


P££ p/:c pin 
C66 — C65 — C /U 


1 1 o c /n\ 
11 0.3 (y) 


po pi ui 
Co — C / — H / 


1 1/: o 
120.0 


p/:/: p/:c p/:/i 
C66 — C65 — C64 


1 ii i /n\ 

122.3 (y) 


p/: pi ui 
Co — C / — H 1 


1 1/; o 
120.0 


pin p/:c p/:/i 
C /U — C65 — C64 


1 1 n i /o\ 
liy.2 (0) 


pi po pn 

c/ — Co — cy 


1 1 n /: /i n\ 
1 10.6 (10) 


p/:i p/;/; p/;c 
C6 / — C66 — C65 


1 1 n /; / 1 n\ 
liy.6 (10) 


PI po no 
C / — Co — Ho 


1 1/1 1 

124. / 


p/;i p/;/; u/;/; 
Co / — COO — H00 


1 in i 
12U.2 


pn po uo 
cy — Co — Ho 


11/1 "7 

124. / 


p/;c p/;/; u/;/; 
C6D — C66 — H66 


1 in i 
12U.2 


pin rn pn 

cio — cv — Co 


1 1 o i i 1 n\ 
120.2 (10) 


p/:/: p/;i p/:o 
C66 — C6 / — C6o 


1 ii a /i n\ 
122.4 (IU) 


pi/i pn M1 

c i o — cy — JN 2 


1 ii n /n\ 

123. y (y) 


p^r^r p/;i u/:i 
C66 — C6 / — H6 / 


1 1 o o 

llo.o 


pn pn M1 

Co — Cy — JN2 


1 n"7 n /n\ 

iu /.y (y) 


p/;o p/:i u/;i 
C6o — C6 / — H6 / 


1 1 o o 

llo.o 


pi i pin pn 

ci i — ciu — cy 


1 1 "7 c /i n\ 

12 /.5 (10) 


P/cn p/:o p/;i 
C6y — C6o — C6 / 


i 1 o i /i n\ 
llo.l (IU) 


pi i pm pi o 
CI 1 — CIU — C3o 


i i / n /n\ 

iio.y (y) 


P/;n p/;o u/:o 
C6y — C6o — H6o 


1 in n 
12U.y 


pn p 1 n pio 

cy — c i u — c i o 


nr/ /n\ 

ii 5. o (y) 


p^i p/;o u/:o 
C6 / — C6o — H6o 


1 in n 
12U.y 


mi p 1 1 p 1 n 
JN3 — Cll — CIU 


11/; n / 1 n\ 
12o.y (10) 


P/;o P/;n Pin 
C6o — C6y — C /U 


111 A /I 1 \ 

121. 4 (11) 


mi 1 1 rn 
JN 3 — Cll — C12 


me 1 po\. 
lUo.l (a) 


r^^o r^^o u*;o 

coo — coy — Hoy 


1 1 Q 1 

ny.3 


pin pii pn 
CIU — Cll — C12 


11c n /n\ 
125.U (y) 


pin p/;n u/:n 

C /u — c&y — H6y 


1 1 n i 

ny.3 


p 1 1 pn pii 
C 1 3 — C 1 2 — C 1 1 


1 no i /n\ 
lUo.3 (y) 


p/;n pin p/;c 
C6y — C /U — C65 


1 1 n n / 1 n\ 
liy.y (IU) 


p 1 1 pn un 
C13 — C12 — H12 


in n 

i25.y 


p/:n pin uin 
C6y — C /U — H /U 


1 in n 
12U.U 


pii pn ui 1 
CI 1 — C12 — H12 


He n 

i25.y 


p/;c pin uin 
C65 — C /U — H /U 


1 in n 
12U.U 


pn pii pi i 
CI 2 — CI 3 — C14 


1 n/; i /n\ 

1U0. / (y) 


pn pii pi/ 
C /2 — C / 1 — C /6 


i i o A /i n\ 
110.4 (IU) 


pn r" 1 1 1 un 
C12 — C13 — H13 


1 1/; £ 
120.0 


pii pn P/in 
C 11 — C / 1 — C4y 


1 1 n a / n\ 
liy.4 (y) 


pi i p 1 1 un 
C14 — CI J — H13 


1 1/: /: 
120.0 


pi/ pn p/in 
C / 6 — C / 1 — C4y 


1 11 i /n\ 

122.2 (y) 


Ml P 1 A Pi i 

JN 3 — C 1 4 C 1 5 


n/ n /n\ 

i2o.y (y) 


P11 PII PII 

C / 1 — C 11 — C Ii 


1 in i /"1 1\ 
12U.1 (12) 


Ml P 1 A P 1 1 

JN 3 — C 1 4 C 1 3 


1 no o /o\ 
lUo.o (0) 


r^m pn un 
C / 1 — C 11 — H 11 


1 1 n n 

ny.y 


pi r p|i P11 

C 1 5 — C 1 4 — C 1 3 


11/1 i /n\ 

124.2 (y) 


r^m pii un 
C Ii — C 11 — H 11 


1 1 n n 

ny.y 


pu p 1 c pn 
ClO — CIS — C14 


1 11 "7 ZO\ 

123. / (o) 


PI A PII PII 

C /4 — C /3 — C 11 


111 C /1 1\ 

121.5 (12) 


pit pic pin 

cio — ci j — ciy 


1 1 C A ZO\ 

115.4 (0) 


f^n a pii un 
C /4 C 15 — H 15 


1 1 n i 

ny.3 


pn p 1 c pin 

C14 — CIS — ciy 


1 in n /n\ 
12U.y (y) 


/~*hi pii un 
C 11 — C 15 — H 15 


1 1 n i 

1 iy.3 


pi r P1/; M /I 

CIS — ClO — JN4 


in n /o\ 

124. y (o) 


r^m pi/i pic 
C 15 — C /4 — C Ii 


i in i /ii\ 

iiy./ (12) 


pi c pi /; p| -7 

CI J — CIO — CI / 


1 1C 1 /Q\. 

123.2 (s ) 


PII PI/1 U1/1 

C 15 — C /4 — H /4 


1 OA 1 

12U.1 


M/i pn: pn 
JN4 ClO — CI / 


1 nn n /o\ 

luy.y (0) 


PIC PI/1 U1/1 

C /5 — C /4 — H /4 


1 in 1 
12U.1 


pi n pn pn; 

Clo — CI / — Clo 


1 n/; i /o\ 
lUo. / (0) 


pi/i pic pi/; 
C /4 — C /D — C 10 


iin i /ii\ 
liy.2 (12) 


pi n PIT Un 

ClO — CI / — HI / 


1 1/; /: 
120.0 


PI /1 PIC U1C 

C /4 — C /5 — H /5 


i in a 
12U.4 


pu pn un 
ClO — CI / — HI / 


1 1/; /: 
120.0 


pi/ PIC U1C 

C /6 — C /5 — H ID 


i in a 
12U.4 


pn pio pin 

ci / — cio — ciy 


1 nn i /n\ 

iuy. / (y) 


pn pi/ pic 
C/l — C/6 — C/5 


in n/ii\ 
121. U (11) 


P1"7 PIO U 1 0 

CI / — CIS — Hlo 


125.1 


P11 P1£ HI/ 

C/l — C/0 — H/0 


1 1(1 r 

i iy.5 


pin pio uio 
ciy — Clo — Hlo 


11C 1 

125.1 


pic pi/ ui/; 
C /5 — C /6 — H /6 


1 1 n c 

ny.5 


pin pin M/i 
C2U — Ciy — JN4 


n/1 i /n\ 

124.2 (y) 


PIO PII POI 

C /o — C / / — Co2 


in n/i n\ 
121. U (IU) 


pin pin pio 
C2U — c i y — C 1 0 


in a 1 1 n\ 
12 /.4 (1U) 


PIO PII U11 

C /0 — C / / — H / / 


1 1 n c 

ny.5 


M/i p 1 n p 1 o 

JN4 — ciy — Clo 


1 n"7 n /o\ 

iu /.y (0) 


POI PII U11 

Co2 — C / / — H / / 


1 1 n c 

ny.5 


pin pin pi 
C 1 y — C2U — C 1 


1 1 "7 n /i n\ 

12 /.y (1U) 


pn pio pin 

c / / — c /o — c /y 


111 i/ii\ 
121./ (11) 


pin pin pi 1 
C 1 y — C2U — C2 1 


1 1 / n /n\ 

iio.y (y) 


PII PIO UIO 

C / / — C Is — H /o 


1 1 n 1 

ny.i 


P1 pin pii 
C 1 — C2U — C2 1 


1 1 c 1 /n\ 

115.1 (y) 


pin pio uio 
c /y — C /o — H Is 


1 1 n 1 

ny.i 


C22— C21— C26 


117.8 (10) 


C78— C79— C80 


117.0(10) 


C22— C21— C20 


121.6 (9) 


C78— C79— H79 


121.5 


C26— C21— C20 


120.6 (9) 


C80— C79— H79 


121.5 


C23— C22— C21 


122.1 (11) 


C81— C80— C79 


120.8 (11) 


C23— C22— H22 


118.9 


C81— C80— H80 


119.6 


C21— C22— H22 


118.9 


C79— C80— H80 


119.6 
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Pol ni n/i 
(^11 — C23 — C24 


1 19.0 (11) 


POO /-"Tl HOI 

C22 — C23 — H23 


120.5 


/~"i/i ni mi 
C24 — C23 — H23 


120.5 


nd m 
C25 — C24 — C23 


11(17 /I 1\ 

119. / (11) 


PTf n/i m/i 
C25 — C24 — H24 


120.1 


PT] n/1 U1/1 

C23 — C24 — H24 


1 i/i 1 
120.1 


n/: nr n/i 
C26 — C25 — C24 


1 in /: / 1 1\ 
120.6 (12) 


n/; nc rnc 
C20 — C2j — rl2j 


11QT 

119./ 


n/i nr mc 
C24 — C25 — H25 


119. / 


n/: pti 
C25 — C26 — C2 1 


1 1 n i / 1 i\ 
120. / (12) 


/~<i/r m/; 
C25 — C26 — HZb 


119.0 


pti ptit m/; 
C21 — C26 — H26 


lint 
119.0 


pto pT7 

C2o — C2 / — C32 


no (i /i n\ 

iio.9 (iu) 


/^oo rn im 
C26 — C2 / — rl2 / 


1 in £ 

12U.0 


r^n n7 un 
C32 — C2 / — H2 / 


1 in /: 
120.6 


no nn 
C2 / — C26 — C29 


in i / 1 1\ 
123.2 (12) 


/~">"7 no mo 
C2 / — C2o — HZo 


1 1 O /I 

116.4 


no mo 
C29 — C26 — H26 


1 1 O A 

116.4 


no nn nA 
C26 — C29 — C30 


11/; /l /1 1 \ 
1 10.4 (11) 


p^O nn tt'xi 

C28 — C29 — H29 


121.8 


C30— C29— H29 


121.8 


C31— C30— C29 


121.4(11) 


C31— C30— H30 


119.3 


C29— C30— H30 


119.3 


C30— C31— C32 


122.5 (11) 



Zio/l poi pel 

CoO C6 1 C82 


1 n 1 /i 1 \ 
123.1 (11) 


rion /"ioi uoi 
C6U C6 1 tit, 1 


1 1 O A 

116.4 


r^oi r^oi uoi 
C62 — C6 1 — Ho 1 


1 1 O A 

116.4 


r^oi roi ni 
L-6 1 — C82 — C / / 


1 1 /: i /n\ 
110.3 (9) 


r^oi roi r^QA 
C6 1 — C82 — C54 


1 11 1 /o\ 
122.1 (6) 


t~*HH roi /^C/t 

C / / — C82 — C54 


ill /; /o\ 
121.0 (6) 


poo poi rod 
C66 — C83 — C.64 


im -7 /i n\ 
119./ (10) 


f'OO poi TTOl 

C.66 — yjsi — H63 


1 in 1 
12U.1 


f^QA r^oi uoi 
Co4 — C.63 — H63 


1 in 1 
12U.1 


POI po A poc 

Co3 — Co4 C65 


111 H /1 1 \ 

121./ (11) 


r^oi r^o/i uo/i 
Co3 — C.64 — H64 


i i n i 
1 19.2 


PO? pO/i UO/1 

Co5 — Co4 — H64 


1 1 n i 
1 19.2 


/^O/; /iOC /^O/l 
C60 C65 C.64 


1 1 O A /1 1 \ 

116.4 (11) 


f^Q£. f^QZ UCC 
C60 C6J Ha J 


1 in o 
12U.6 


r^o/i roc uoc 
C.64 — C65 — H65 


1 in o 
12U.6 


roc pot poi 
C65 Co6 C6 / 


111 i /i 1\ 
121.3 (13) 


roc pot uo/: 
Co5 C80 H60 


1 1 n i 
119.3 


r^o"7 pot uo/: 
Co / C80 — H80 


1 1 n i 
119.3 


r^o£L r^on poo 

C86 — C87 — C88 


1 in i/ii\ 

120.3 (11) 


C86— C87— H87 


119.8 


C88— C87— H87 


119.8 


C83— C88— C87 


118.6(10) 


C83— C88— C59 


121.7 (9) 


C87— C88— C59 


119.7 (9) 



Hydrogen-bond geometry (A, °) 

Cgl and Cg2 are the centroids of the C27-benzene ring and Nl -pyrrole ring, respectively. 

D—H-A D — H H-A D-A D—H-A 

C22— H22-Cgl i 0.93 2.85 3.752 (14) 164 

C40— H40-Cg2 i 0.93 2.87 3.681 (14) 147 

Symmetry codes: (i) x-1/2, -y, z-1/2. 
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